A controlled cross-sectional study of family growers of fruit and vegetables was conducted between October 2009 and October 2010 to characterize the use of pesticides, establish the socio-demographic profile, and analyze cholinesterase activity in small-scale agricultural workers in Southern Brazil. Data was collected for 173 workers and 179 controls. A structured questionnaire was applied collecting socio-demographic information and determining knowledge and work practices in relation to pesticide use. The benchmarks for total cholinesterase (ChEs) and butyrylcholinesterase (BuChE) were obtained from the average enzymatic activity of the occupationally unexposed group (control). The mean age of the exposed population was 40.0 ± 11.2 years. The symptoms differed significantly (p<0.05) between the exposed and unexposed populations. Forty (23.1%) workers showed symptoms associated with exposure to pesticides. The average value of enzymatic activity in the occupationally unexposed group for ChEs was 6.3 μmol/mL/min among males and 5.6 μmol/mL/min among females while for BuChE was 2.4 μmol/mL/min among males and 2.0 μmol/mL/min among females. Eight (4.6%) workers had high inhibition (>30%) of ChEs activity, whereas no workers showed high inhibition (>50%) of BuChE. Potential factors involved include gender, education, pesticide orientation, exposure, and hygiene measures.
INTRODUCTION
In Brazil, pesticides were first used in public health programs in the 1960s to combat vectors. In 1975, the National Development Plan, responsible for Brazil's opening up of trade for pesticides, favored their use in agriculture through rural credit funds upon the inclusion of a set quota for pesticides for each funding application (OPAS, 1996) . Thus, by the 1970s Brazil had become the world´s fourth largest consumer of pesticides after the United States (U.S.), Japan and France. Today, Brazil is the world's largest consumer of pesticides. Brazilian rural workers are in contact with large amounts of pesticides (Faria et al., 2005; Faria, Rosa, Facchini, 2009 ). In developing countries, health problems related to pesticides are common due to low risk awareness among users, misuse of personal protective equipment, lack of care during application, use of highly toxic pesticides and scant mechanisms for health surveillance. This situation is exacerbated by low educational and cultural levels among the majority of rural workers in Brazil (Faria, Rosa, Facchini, 2009; Soares, Porto, 2012) .
Accidental or occupational exposure to pesticides can cause acute and chronic poisoning. The acute toxic effects are easily recognized, while the effects of long-term exposure at low doses are hard to diagnose (Chakraborty et al., 2009 ). These include: temporary and nonspecific symptoms such as eye irritation, dermatitis, asthma, peripheral neuropathy, chronic neurobehavioral motor dysfunction, burning sensation in the face, headache, dizziness, respiratory problems and sialorrhoea, and even chronic diseases such as cancer as well as disorders of the reproductive system (Ohayo-Mitoko et al., 2000; Miranda et al., 2002; Sanborn et al., 2002; Safi, 2002; Salameh et al., 2003; Del Prado-Lu, 2007) . Accidental and intentional poisoning have been better studied than occupational exposure, where biological monitoring of workers exposed to pesticides has been widely recommended both to prevent poisoning and for epidemiological studies (Hofmann et al., 2010) .
In developing countries, cholinesterase inhibitor pesticides, i.e. organophosphates and carbamates, were found to be primarily responsible for human poisoning caused by pesticides (Chitra et al., 2006; Chakraborty et al., 2009; Mwila et al., 2013) . Acute exposure to organophosphates and carbamates has been well documented, because they inhibit neuronal acetylcholinesterase (AChE). The enzyme hydrolyzes the neurotransmitter acetylcholine, and thus plays a critical role in regulating transmission within the central and peripheral nervous system (Costa et al., 2008; Ecobichon, 2001 ). Enzymatic determinations of cholinesterase (ChEs) present in the blood, of AChE in the erythrocyte membrane of cells and of butyrylcholinesterase (BuChE) in serum are used in the biological monitoring of exposure to cholinesterase inhibitors (EPA, 2000; Wilson, 2001) . Nevertheless, results of enzymatic methods have shown broad variability from benchmarks among subjects. It is recommended to determine the level of enzyme activity pre-exposure. However, Brazilian agricultural practice represents a limiting factor, since workers are constantly exposed to pesticides in different crops (Brown, Miller, Keifer, 2006) .
In Brazil, the horticulture sector is characterized by being family farming culture. Thus, there is an interest in investigating the socio-demographic working conditions, as well as the health of the agricultural workers exposed to pesticides. The aim of this paper was to analyze the use of pesticides, establish the socio-demographic profile and analyze ChEs activity in workers exposed to cholinesterase inhibitors in the horticulture sector in Brazil, and to establish reference values for ChEs and BuChE activity in the unexposed population.
MATERIAL AND METHODS
A controlled cross-sectional study was conducted from October 2009 to October 2010 in Maringa, Brazil, involving populations occupationally exposed and unexposed to pesticides.
Subjects
Random sampling was used and the exposed group comprised 362 growers of fruit and vegetables residing in Marialva, Maringa and Sarandi (Parana, Brazil) . Farmers in three municipalities were invited to attend meetings about the harm posed by pesticides to human health and the environment. Two hundred and seven individuals who showed an interest in the study and were directly involved in planting, harvesting and/or transporting vegetables and fruit were selected. Of those selected, 200 workers attended the collection and underwent clinical and laboratory evaluation by a multidisciplinary team comprising a physician (n=1), pharmacists (n=4) and a nutritionist (n=1). After the rejection of individuals with pathologies or other exclusion factors, this gave a final group of 173 individuals exposed to pesticides. The occupationally unexposed group consisted of 200 blood donors from the Regional Blood Center of Maringa. Of these donors, 179 were included in the analysis after application of the same exclusion criteria used for the population exposed to pesticides. 
Interview instrument and data collection
A structured questionnaire was used for all the workers and controls assessed (Nishiyama, 2003) . Information on gender, age, education, work practices related to pesticide use, use of personal protective equipment, personal hygiene measures, care for the environment, use of an agronomist's prescription, symptoms and confounding factors (alcoholism, smoking, obesity and others) were collected. Respondents were also asked if they had any previous episodes of poisoning.
Measures
Determinations for ChEs enzyme activity in whole blood and plasma, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, gammaglutamyltransferase, creatinine, urea, albumin, total protein and hematocrit were performed in the Laboratory of Toxicology of the State University of Maringa. The determinations of ChEs and BuChE was performed using the method proposed by Ellman et al. (1961) , incorporating the modifications of Harlin and Ross (1990) .
Analytical quality control
Procedures were performed with the adoption of effective internal quality controls (Sera-Pack reference materials, equipment calibration and document control). All samples were processed concomitantly with Precinorm and Precipath controls (Sera-Pack, Tarrytown, NY, USA) and intra and inter-assays were also performed (data not shown).
Establishment of benchmarks
The benchmarks for cholinesterase in whole blood and BuChE were obtained from the enzymatic activity of the enzymes in the control group, stratified by gender. To define high inhibition in the group exposed to pesticides, an inhibition value of 30% was used for ChEs in whole blood (cut-off point) (WHO, 1995) and 50% for BuChE (Brasil, 2005) .
Statistical analysis
Statistical analysis was performed using the SAS program (version 9.1.3 Service Pack 3). After stratification of the studied workers into exposed and unexposed groups, Student´s t-test was used to compare means. The comparison test for large sample proportions was used to evaluate the signs and symptoms of the occupationally exposed and unexposed groups. Exploratory data analysis using cross-tabulation tables was employed to compare the variables of interest (socio-demographic indicators and use of pesticides) in the variation of cholinesterase activity observed (Casella, Berger, 2002) .
RESULTS AND DISCUSSION

Study population characterization
The group exposed to pesticides comprised one hundred and seventy-three individuals while the unexposed group included 179 control subjects. The mean age was 40.0 ± 11.2 years (19-72 years) for the exposed group (Table I ).The average length of time working in the field was 23.7 years and personal protective equipment, when used, was deficient. The growers of fruit and vegetables had been exposed to pesticides, on average, for 17.4 years (n=173). Although a sizable number of individuals reported the use of personal protective equipment (PPE), these were not always appropriate or sufficient for protection against the pesticides. Approximately 39.5% of subjects reported the exclusive use of boots, gloves and masks whereas 39.9% reported never having used PPE. The workers also reported that, due to the high temperatures in Brazil, the use of PPE was impractical. Similar results were observed in a study conducted in the Serra Gaucha, Brazil, where the authors showed that 35% of workers did not wear protective gloves, masks or clothing (Faria et al., 2004) . The lack of PPE use found in this study reveals the vulnerability of workers in the Brazilian family farming culture (horticulture) to exposure to these chemicals (Chester et al., 1993) .
Environmental exposure to cholinesteraseinhibiting pesticides
Seventy-five different commercial products were cited, including several classes of pesticides such as insecticides, fungicides, herbicides and others. The organophosphates reported were fenthion (3.4%), methamidophos (1.5%), parathion-methyl (1.0%) while carbamates were thiodicarb (0.3%) and carbaryl (0.3%). The occurrence of at least one episode of pesticide poisoning during the lifespan of the farmers was 12.1%, similar to rates reported by other authors. Faria et al.
(2004) described a prevalence of 12% in rural workers in Serra Gaucha, Brazil. Van der Hoek et al. (1998) and London et al. (1994) found rates ranging from 7 to 22% in Sri Lanka and 9% for South Africa, respectively.
The growers of fruit and vegetables selected had direct contact with pesticides in 89.0% of cases and 11.0% had indirect contact with these products. Among Maintenance of spraying equipment was performed by 72.3% of the workers and 57.8% of the rinsing water for the equipment did not have a specific disposal area, and was often discarded onto the ground. These findings show that Brazilian horticulture workers are unaware of safety practices and do not follow the instructions contained in prescription labels. The growers of fruit and vegetables reported that 90.2% of farm properties have agronomists in charge of them. By contrast, 43.9% did not follow the instructions contained in the agronomist's prescription and only 50.9% used it to buy pesticides. When purchasing pesticides, agricultural commercial shops were the outlet of choice in 76.9% of cases whereas cooperatives accounted for 8.1%. Although not using the agronomist's prescriptions, 69.9% of the workers reported that agronomists had prescribed pesticides, and 9.3% had purchased them without any professional orientation. With regard to professional instructions for applying pesticides, 53.8% reported receiving advice and 67.6% followed the instructions on the label. Those who did not follow instructions preferred their own methods for preparing and applying the products.
Among workers not using the agronomist's prescription to buy pesticides, 11.5% exhibited changes in ChEs activity, three-fold higher than those who used the prescription. Thus, random use and absence of a technique can lead to high exposure to and poisoning with pesticides and consequent contamination of agricultural produce by chemicals not suitable for the crop (Soares, Porto, 2012) . In a study carried out by Castro and Confalonieri (2005) , 85.0% of those interviewed stated they did not need a prescription to buy pesticides, even the most toxic types. This kind of conduct reflects the shortcomings in the education of the rural population as well as the lack of supervision by government agencies. Table II shows that the population exposed to pesticides had a high prevalence of the evaluated symptoms. When compared with the unexposed population, it was observed that the symptoms related to respiratory and urinary systems as well as skin and mucous membranes and peripheral nervous system differed significantly (p<0.05) for most of the symptoms.
Health effects
These results were similar to the findings of other studies showing that the main symptoms of exposure to pesticides were headache, skin irritation, dizziness, body pain and blurred vision (WHO, 1995; Castro, Confalonieri, 2005; Thundiyil et al., 2008; Faria, Rosa, Facchini, 2009 ). These complaints can vary widely, depending on an individual's susceptibility. However, the most common diagnosis was acute intoxication when there was immediate postexposure to pesticides. Nevertheless, chronic poisoning requires greater medical attention for a definitive diagnosis (Thundiyil et al., 2008) .
Cholinesterases levels in groups occupationally unexposed and exposed to pesticides
The benchmarks for total ChEs and BuChE were obtained from the average values of the control group (n=179). Among males, values of 6.3 μmol/mL/min (±0.7) for total ChEs and 2.4 μmol/mL/min (±0.4) for BuChE were obtained. Among females, average values of 5.6 μmol/mL/min (±0.7) for total ChEs and 2.0 μmol/mL/min (±0.4) for BuChE were obtained (Table III) .
In order to define inhibition of ChEs in males, 30% inhibition for total ChEs and 50% for BuChE were established, representing cut-off points of 4.4 μmol/mL/ min for total ChEs and 1.2 μmol/mL/min for BuChE. In females, cut-off values of 3.9 μmol/mL/min for total ChEs and 1.0 μmol/mL/min for BuChE were adopted. Females showed proportionally greater changes in levels of cholinesterase in whole blood compared to males. This difference appeared to be related to the lack of individual protective equipment during times of pesticide spraying, given that those applying the products were generally male whilst exposed females performed other duties within the same environment.
Of the total sample of workers (n=173), 08 (4.6%) had high inhibition (>30%) for cholinesterase activity in whole blood compared to the control group, whereas no workers exhibited high inhibition (>50%) for plasma cholinesterase compared to controls (Table III) . According to the exploratory data analysis, related factors were: gender, age, education, agronomist's prescription, exposure and hygiene measures. Among the exposed population, inhibition was detected in 7.3% of women and 2.9% of men. In this study, of the 173 growers of fruit and vegetables selected, 4.6% showed inhibition of cholinesterase in whole blood whereas none showed changes for BuChE. This data differs from other studies conducted in Brazil. Oliveira-Silva et al. (2001) evaluated 55 organophosphate and carbamate insecticide applicators and found that 3.6% had inhibited BuChE and 41.8% Comparison test for large sample proportions.
Pesticide use and cholinesterase inhibition in small-scale agricultural workers in southern Brazil 789 had AChE inhibition. Soares et al. (2003) showed that 50% of 1064 rural workers had inhibited enzyme activity for BuChE, however their samples were convenience not random. Moreira et al. (2002) found that 11% of a farming community had reduced AChE and 12% reduced BuChE. This disparity might be attributed to the sample selected (random in present study), type of product used on the various crops, methodology applied or the reference values used (Oliveira-Silva et al., 2001; Soares, Almeida, Moro, 2003) . Workers who had incomplete primary education accounted for 75.0% of the alterations while the younger subjects (≤34 years) for 62.5%. Younger professionals (≤34 years) had higher levels of total ChEs inhibition (62.5%) than the more experienced professionals. Low risk awareness in this age group coupled with low educational level were considered variables aggravating the health of these workers (Oliveira-Silva et al., 2001; Faria, Rosa, Facchini, 2009) .
Direct contact with the toxicants by spraying was responsible for 100% of the alterations whereas indirectly exposed individuals did not exhibit significant variations in cholinesterase inhibition. Of those involved in spraying who had significant alterations, 66.7% had only washed their hands and face after handling pesticides. Since workers were directly exposed to pesticides, hygiene measures were essential to minimize contact with these toxicants. Washing hands and face was not effective for containing this exposure, and workers who used these procedures were intoxicated more than those who bathed thoroughly after exposure. The data obtained corroborates the findings of Hofmann et al. (2010) considering that no association was observed between the practice of washing hands after application of pesticides and BuChE inhibition.
Some workers (4.6%) showed significant inhibition in cholinesterase activity when compared to subjects from the control group. This study also showed that exposure to pesticides allowed the emergence of symptoms more frequently in workers and that handling practices influenced the observed changes. Carelessness in the use of these chemicals appears to have been facilitated by the low educational levels of this population, because the technical terms contained in pesticide labels are difficult for these employees to understand.
Enzymatic concentrations differed significantly (p=0.003) between the group of fruit and vegetable growers and the occupationally unexposed group since the workers showed lower levels of cholinesterase activity in whole blood. The present study demonstrated that this difference was related to gender, age, low education, use of personal protective equipment, non-use of an agronomist's prescription, direct contact with pesticides and poor hygiene after handling these chemicals.
CONCLUSIONS
The results demonstrated that the total ChEs biomarker was appropriate for assessing occupational exposure to pesticides, since it led to the detection of 4.6% of workers with low enzymatic activity. This biomarker detected exposure to pesticides at low doses and for long periods. This study suggests there is a need for future research on reference values and exposure limits for total ChEs in the Brazilian population. Further research is also important to promote the search for new models of agricultural production in an effort to reduce chemical exposure and improve the quality of life of this population. 
